ABSTRACT
INTRODUCTION
Inborn errors of metabolism (IEMs) are a group of genetic disorders that result in a structurally or functionally altered protein, resulting in a block in a metabolic pathway. Several hundred hereditary metabolic disturbances are known, many of which correspond to grave illnesses that frequently evolve to death or cause mental deficiency. 1 Several groups of IEMs typically present with acute life threatening symptoms of acute encephalopathy and epilepsy as a result of toxic effects of accumulating metabolites on the central nervous system. 2 Studies in Nepal have shown a prevalence of neonatal encephalopathy of 6.1 per thousand births 3 while a community survey showed the prevalence of epilepsy to be 7 per 1000 population. 4 IEMs in Nepal have been reported as cases in literature and their prevalence in the Nepalese population is unknown.
This study was undertaken to initiate an investigation regarding the existence of IEMs in the Nepalese population beginning with mentally retarded children. Noninvasive, simple and inexpensive chemical methods of screening urine for abnormal metabolites were used. 5 
METHODS
Ethical clearance for carrying out the IEM urinalysis was obtained from Nepal Health Research Council, Ministry of Health & Population, Kathmandu and samples were obtained only with consent of parents or guardians. Random urine samples were obtained from a total of 62 children from the Association for the Welfare of Mentally Retarded (AWMR) in Sinamangal and Navajyoti Centre (School for Mentally Handicapped Children), Baluwatar, both situated in Kathmandu, Nepal over a period of eight months (Jan 2012 -August 2012).A subpopulation of children with mental retardation was selected at the two institutions. This group of children had a higher probability of the presence of IEM. The volume of urine collected was variable and was sufficient to perform the tests at least once. The volume of urine needed to perform each test was calculated from the urinary cre-atinine concentration (Table 1) . Age, sex and ethnicity matched urine samples from 60 children visiting Kathmandu Medical College, Duwakot were also tested after obtaining consent from their parents ( Table 2) . Children with only physical disabilities and no mental retardation were excluded.
Urine samples were kept and transported on ice and frozen immediately on arrival at the Biochemistry Laboratory at Kathmandu Medical College (KMC) Basic Sciences, Duwakot, Bhaktapur. Data was collected on age, gender, caste, available diagnosis, sensory deficits, epilepsy with the help of the staff of the respective institutes.
Glucose, pH and protein were tested using CybowTM dip sticks from DFI. Simple chemical tests were performed on the urine samples to test for various groups of inborn errors (Table 1.). 5 All samples were examined through paper chromatography on 4 MM chromatography paper using n-butanol: glacial acetic acid: water the ratio of 12:3:5, followed by staining with ninhydrin reagent.
Urinary creatinine was determined using the alkaline picrate method.
RESULTS
Of the 71 participating children, only 62 urine samples were of sufficient volume for examination for all of the above mentioned tests. The demographic data of cases and controls was as shown in Table 2 .
The average age of the participants was 13.69± 4.34 years. Seven of the children had vision deficit and one had hearing deficit. Information of degree of retardation was available only for 51 participants of whom six were classified as mild, 34 moderate and 11 severely retarded. There was one participant with cerebral palsy.
Urinary creatinine was measured using the picric acid method in order to assess the concentration in urine. The volume of urine used for the tests was then adjusted to a fixed equivalent of creatinine as shown in Table 1 . The ferric chloride test was considered positive for PKU for eight of the samples which turned greenish. The ferric chloride test color obtained seemed to be a function of how concentrated the urine was, as determined by the urinary creatinine. An immediate brown colour with ferric chloride is obtained with 3-hydroxy anthranilic acid, indicative of pyridoxine dependent disorders. 7 A red brown color indicates acetoacetic acid, but could also be formed by reaction of FeCl 3 with common drugs such as salicylates. Accordingly, eight of the participants were probable cases of phenylketonuria and three of ketonuria (acetoacetate).
Screening Children with Mental Retardation for Inborn Errors of Metabolism
Phenylalanine (Phe), Leucine (Leu) and Isoleucine (Ile) were added to normal urine to make standards for comparison of migration of amino acids during paper chromatography ( Figure 1.) . In order to resolve whether the bands in the test samples corresponded with Phe, Leu or Ile, chromatograms were run with one of the test samples for nine hours ( Figure 1B. ), and the band originally thought to be that of Phe was found to comigrate with Ile. Urine samples of controls did not show any characteristic band on the chromatograms ( figure  1A ).
The DNPH test indicates the presence of ketoacids and considered positive if turbidity or precipitation is seen on addition of the reagent. Ten of 59 available urine samples showed some precipitation, an example of which is shown in comparison to a control in Figure 2 .
Fifteen of the samples showed a positive CTAB test, which is the appearance of a flocculent precipitate and 18 showed a purple ring with Toluidine blue. 
A positive toluidine blue test is indicated if the blue stain does not wash out in the acetic acid solution due to an excess of chondroitin sulfate. According to Buist, 5 when excess mucopolysaccharides are present, the dried urine stains a reddish purple color, while the background remains pale blue (Figure 3) . A reddish purple color could be discerned only in one sample (Figure 3 (T) ) although a purple stain could be observed in several of them. On considering the urinary creatinine concentration, CTAB and toluidine blue test together, two cases could be isolated which had a urinary creatinine of <30 mg/dl, but were positive for both the CTAB and toluidine blue tests. Both children were males, 11 and 17 years of age, had moderate mental retardation and did not show any other tests positive.
Twelve test samples were positive and all control samples were negative for fructosuria. There was only one case of glycosuria accompanied by proteinuria. There were three cases which tested positive for protein: an eleven year old male who also tested positive for fructosuria and mucopolysaccharidosis, a 15 year old female also positive for glycosuria and an 11 years old male with fructosuria. All control urine samples were negative for glucose and protein.
A logistic regression of the presence of a positive test taken as the outcome, was performed with the degree of mental retardation as the dependent variable. The odds ratios for any of the IEM tests being positive with an increase in degree of retardation from mild to moderate to severe was statistically insignificant ( p=0.537, mild to moderate and p=0.407, moderate to severe). 
DISCUSSION
The people in Nepal can be broadly classified according to their origin as Indo-Aryans, Mongolians and the aborigines called Tharus. 6, 7 There is high prevalence of marriages within a caste and also of consanguinity amongst some tribes of Nepal. The prevalence of genetic disease including metabolic disorders in Nepal is not known. Many cases of inborn errors, e.g., Glucose-6-Phosphate dehydrogenase deficiency, 8 alkpatonuria, 9 carnitine deficiency, 10 Wilson's disease, 11 Hunter's syndrome, 12 Marquio's syndrome 13 and muscular dystrophy 14 have been reported from Nepal. In order to screen for the existence of IEMs, it is rational to start with a high risk population using simple, cheap and non invasive tests. The clinical information on the children participating in this study, where available, was a working diagnosis which had not been confirmed through any laboratory tests. Most children had "mental retardation" as a diagnosis in their records at these institutions.
Although the ferric chloride test has low sensitivity and is highly prone to cross reactivity with interfering substances in the urine, it has been used successfully in preliminary mass screening programmes for phenylketonuria and in surveys of mental institutions. 5 While a positive ferric chloride test may suggest the existence of metabolic disease, confirmation of the diagnosis must be made by more precise analytical procedures. Phenyalanine could not be detected in any of the samples through paper chromatography. Some of the samples, however, showed the presence of Ile, which cannot be associated with any sub-class of maple syrup urine disease (MSUD) unless confirmed by plasma amino acids and urine keto acids through tandem mass spectrophotometry or Gas chromatography-Mass spectrometry (GC-MS).
The DNPH test is positive when α-keto acids are present in urine and is widely used as a screening test for MSUD in infants after five days of age. A positive result indicates phenylketonuria, tyrosyluria, histidinaemia, maple syrup urine disease or methionine malabsorption syndrome. A confirmation would require two dimensional TLC, high voltage electrophoresis or GC-MS. A deficiency of hepatic fructokinase causes essential fructosuria. The condition is benign and is not related to mental retardation, but is included in the routine tests done in the laboratory for inborn errors of metabolism. Presence of protein in urine is indicative of early renal disease. Glycogen storage diseases and mucopolysaccharidoses are known to present with nephrotic syndrome. 15, 16 The positive cases of proteinuria in this study were also positive either for fructose or glucose, indicating kidney dysfunction that might be secondary to metabolic disease.
Two cases tested positive for mucopolysaccharidosis in our study. Confirmatory tests would require electrophoretic separation of plasma to confirm the presence of MPS, which was not done because of invasiveness of blood sample collection.
A major drawback in our study was lack of availability of clinical data on the children, so that the test findings could not be correlated with the clinical manifestations. On the other hand, the study was hence made double blinded, preventing bias that is introduced during tests that need to be discerned by the naked eye. Nevertheless, mucopolysaccharidosis and organic acidurias should be explored further in the Nepalese population using gaschromatography and tandem mass spectrophotometry. Although amino acidurias are absent, the detection of the amino acid co-migrating with Ile also warrants further investigation. Another factor to be taken into account is that many metabolic diseases such as organic acidemias and storage disorders are fatal. Most IEMs are autosomal recessive and manifest when both alleles are mutated. In a sample of children already past five years of age or having entered teenage, the probability of detection of an IEM is lower than that for newborns. A nationwide study targeting newborns and using higher end methods of detection like tandem mass spectroscopy is required Given the cases of IEMs reported from Nepal, our study corroborates the need for establishing a protocol for diagnosis and management of IEMs. In the neonate, the early clinical features of acute metabolic disease are almost always non-specific: they include illness, lethargy, feeding problems, vomiting, abnormal breathing, hypotonia and seizures. Initial blood testing when an IEM is suspected should include complete blood count with differential, urinalysis, serum electrolytes, glucose, blood gases, ammonia and lactate studies. 2 In a rapidly deteriorating baby, performing a quick urine test can guide the physician towards specific confirmatory tests for timely intervention. In a setting such as Nepal, a cheap urine test that can detect the presence of phenylketonuria or mucopolysaccharidosis is a better option than no test at all.
CONCLUSIONS
Urinary screening in newborns in Nepal can be performed with simple chemical tests. A clinical examination combined with these simple tests can help guide the clinicians towards specific disorders and diagnostic tests for their confirmation.
